Objective: We provide normative data for the story and six-object recall tasks, stratified by age and education in a large population-based cohort of older Spanish adults. Method: The sample consisted of 2,581 participants without dementia (age range: 67-98 years) from different socioeconomic areas of central Spain. Normative data are presented in percentile ranks and divided into four overlapping age tables with different midpoints. Results: Spearman correlations and shared variances were calculated to evaluate the effects of sociodemographic variables on both tasks. Our findings showed that age and education influence the scores in the story and six-object recall tasks, whereas sex had null effect on story recall and an almost negligible on object recall, respectively. Conclusion: The norms presented herein are important for the correct interpretation of scores in the story and six-object recall tasks when assessing older adults in Spain.
Introduction
Problems of learning and retention of new information are probably the earliest manifestations of dementia, which are evidenced several years before clinical diagnosis (Belleville, Fouquet, Duchesne, Collins, & Hudon, 2014; ). Compared to non-amnestic forms, people with amnestic forms of mild cognitive impairment (MCI) are at increased risk of progression to dementia (Bäckman, Small & Fratiglioni, 2001; Sarazin et al., 2007) . Therefore, memory problems are of crucial interest for cognitive assessment of older people. In particular, episodic tasks (i.e., conscious recollection of information acquired in a certain time and place, Tulving, 1983) seem generally affected in patients with amnestic MCI (Koen & Yonelinas, 2014) , and are especially relevant in predicting dementia (see Salmon, 2012) . Episodic memory deficits have been associated with neuropathological involvement of the medial temporal lobe, specifically, the hippocampus and entorhinal cortex (Bonner-Jackson, Mahmoud, Miller & Banks, 2015; Braak & Braak, 1991; Di Paola et al., 2007) .
The detection of MCI and dementia is often difficult for health professionals, who frequently have limited time to assess the patient's cognitive abilities. In this context, brief episodic memory tasks (e.g., story and object recall) have demonstrated excellent discrimination capacity for the detection of dementia (Carnero-Pardo et al., 2011; Prestia et al., 2006; Shi et al., 2014; Villanueva-Iza, Bermejo-Pareja, Berbel-Garcia, Trincado-Soriano, Rivera-Navarro, 2003) . Unlike other screening tests (e.g., MMSE or clock drawing; Ravaglia et al., 2005) , brief episodic memory tasks have shown good utility for the detection of MCI (Rami, Molinuevo, Sanchez-Valle, Bosch & Villar, 2007) , although their effectiveness is lower in comparison with the detection of dementia (Baek, Kim, & Kim, 2012; Papageorgiou, Economou, & Routsis, 2014; Serna et al., 2015) . Potentially, the study setting (clinical vs. population-based study; Mitchell, 2009) , ceiling effects (Ivanoiu et al., 2005) , and different sociodemographic factors (Brodaty, Low, Gibson, & Burns, 2006; Contador, Fernández-Calvo, Ramos, Tapias-Merino, & Bermejo-Pareja, 2010) influence the utility of screening tests.
In this regard, previous studies have shown that age and education are associated with the story recall performance (Contador, Bermejo-Pareja, Del Ser & Benito-León, 2015; Lee, Yuen, Chu, & Chi, 2004; Olofsson & Bäckman, 1993; Shi et al., 2014) , whereas their influence on visual recall of objects seems null or very low (Carnero Pardo et al., 2007; Papageorgiou et al., 2014) . Moreover, Contador et al. (2015) found no influence of sex on the two measures of memory (story and object recall). However, the influence of sex on memory performance is controversial (Mitrushina, Boone, Razani, & D'Elia, 2005; Peña-Casanova, Guardia, Bertran-Serra, Manero, & Jarne, 1997; Zunzunegui, Gutiérrez Cuadra, Béland, Del Ser, & Wolfson, 2000) , and their potential effects might vary on each subtest (Gale, Baxter, Connor, Herring & Comer, 2007; Kane & Yochim, 2014; Tremblay et al., 2015) . It would then be necessary to investigate the influence of sociodemographic characteristics (age, sex, and education) on story and six-object recall tests in order to correctly interpret test scores in older adults.
The aim of this study is to provide normative data for the story and six-object memory recall tests in a large Spanish population-based cohort of non-demented older individuals living in rural and urban areas.
Methods

Participants
The Neurological Disorders in Central Spain (NEDICES) is a population-based study to investigate neurological disorders and main age-related conditions in people aged 65 and over. All participants were Caucasian and selected from three different socioeconomic areas (Margaritas-working class area; Lista-white collar area; Arévalo-rural agricultural area) to obtain a representative sample of older people from central Spain. All individuals aged 65 years and over from local population registers were eligible if they were residents in the area on December 31, 1993, or during 6 or more months in 1993. In Margaritas and Arévalo, each eligible subject was contacted for screening, while a proportionate stratified random sampling was used in Lista. In this survey, the household and nursing home populations of the three communities were covered, but eligible subjects who had moved out of the survey area were not traced. Two Local Ethics Committee (University Hospitals "12 de Octubre" and "La Princesa," Madrid) approved NEDICES, and written informed consent was obtained from all participants. Detailed accounts of the study population and sampling methods have been published elsewhere (Morales et al., 2004) .
The NEDICES study consisted of two cross-sectional waves: 1994-1995 (first wave) and 1997-1998 (second wave). Of 5,278 individuals who were assessed at baseline, 3,816 were alive at follow-up (1997-1998) and eligible for this study. Two hundred and eighty-three individuals who had received the diagnosis of dementia and 952 participants with missing data in memory tests were excluded for further analyses. Thus, 2,581 individuals who completed both the story and six-object memory tests were included in the final sample.
Measures
In the second cohort (1997) (1998) , participants completed a brief neuropsychological battery to assess attention, memory, naming, and executive function . Its clinical validity for dementia and MCI in the population has been published previously (Serna et al., 2015) . In this battery, the story and six-object memory tasks were applied:
(1) Story test (ST; Coroni-Huntley, Brock, Ostfeld, Taylor, Wallace, 1986) . This test contains a story with six components that assess recall of learnt information (immediate and 20-min delayed recall). The total score can be obtained with the sum of immediate and delayed scores (range 0-12), with lower scores reflecting poorer memory performance. The procedure of assessment was adapted from the logical memory task of the Wechsler Memory ScaleRevised and material derived from the 'Established Populations for the Epidemiologic Study of the Elderly' (Coroni-Huntley et al., 1986; Wechsler, 1987) . The story recall is considered to be a valid and reliable measure to assess memory in community dwelling elders (Zunzunegui et al., 2000) . In particular, both measures (immediate and delayed) have shown good power to detect dementia (area under the curve, AUC > 0.80) in clinical and population-based settings (Serna et al., 2015; Villanueva-Iza et al., 2003) .
(2) Six-object test (SOT; Peña Casanova, 1990) . This test consists of six prints of common objects (airplane, boat, bottle, truck, spoon, and cow) and is structured in two phases. First, objects are shown to participants and they are asked to name them. Then, immediately and at a 5-min delay, participants are asked to recall as many objects as possible in any order. Therefore, total scores of SOT are obtained from the sum of immediate and delayed scores (ranges from 0 to 12), with lower scores indicating poorer function. This task is a short version of the picture naming subtest from the Barcelona Neuropsychological Battery (Peña Casanova, 1990; Peña-Casanova et al., 1997) , which has been validated in diverse samples of Spanish individuals with or without cognitive impairment (Bermejo et al., 1994; Zunzunegui et al., 2000) . Both measures of SOT (immediate and delayed) have shown good discrimination power to detect dementia (AUC > 0.79) in different contexts (Serna et al., 2015; Villanueva-Iza et al., 2003) .
Procedure
Essentially, the study was developed in two phases: door-to-door screening of eligible people (Phase 1) and neurological examination of those individuals who screened positive (Phase 2). At baseline (1994) (1995) , participants were initially assessed using a 500-item screening questionnaire to collect data on demographics, medical conditions, and current medication. In addition, a World Health Organization screening protocol for dementia (Amaducci et al., 1991; Baldereschi et al., 1994) , including the Spanish versions of the MMSE-37 and Pfeffer's Functional Activities Questionnaire (FAQ; Olazarán, Mouronte, & Bermejo, 2005; Prieto, Contador, Tapias-Merino, Mitchell & Bermejo-Pareja, 2012) were applied. The screening was considered positive if: (i) the subject scored ≤23 points on the 37-item version of the MMSE and >5 points on the FAQ; (ii) the participants themselves or through their proxy provided information about suspicion of cognitive decline; (iii) there were missing values (i.e., the subject failed to provide an answer, or information was not available) on the screening instruments. Participants who screened positive for dementia underwent a neurological examination at National Health Service clinic or in their own homes for the diagnosis of neurological diseases. Basically, this examination included a clinical history, a general neurological examination, and a mental status interview. The diagnosis of dementia was made by consensus of two expert neurologists using Diagnostic and Statistical Manual of Mental Disorders IV criteria (DSM-IV) as gold standard. All medical records of all participants who received a diagnosis of dementia were reviewed by a senior neurologist (F.B-P.) with the aid of a psychologist (F.S-S.). If there were any doubts about any aspect of the dementia diagnosis, additional information (mainly from family doctors) was elicited. A similar procedure was carried out in both waves of the study for the incident cases of dementia. In the second cohort (1997) (1998) , regardless of clinical diagnosis, participants underwent the brief neuropsychological battery mentioned previously.
Data Analysis
The results of the study were analyzed with the Statistical Package for Social Sciences (SPSS) version 22 (IBM ® , SPSS Statistics version 22). Means and standard deviations were calculated for clinical and sociodemographic characteristics of the sample. The distributions of scores in the story and six-object recall tasks were asymmetrical and leptokurtic. Then, Spearman correlations and coefficients of determination (r 2 ) between these tests and sociodemographic variables (age, sex, and educational level) were calculated to determine the association between pairs of variables, whereas Mann-Whitney U-contrasts were performed to test significant differences between pairs of groups (e.g., selected vs. excluded individuals). Stratified percentile ranks were also calculated (1, 2, 5, 10, 15, 25, 50, 75, 84, 95, and 99) according to the sociodemographic variables that were significantly related to the memory tests. These percentiles correspond to Z-scores of −2.33, −2.00, −1.65, −1.28, −1.04, −0.67, 0.00, 0.66, 1.0, 1.65, and 2.33, respectively. The percentiles can be interpreted as follows: 0-2 = impaired or defective performance; 3-9 = borderline performance; 10-25 = low average; 26-74 = average (Howieson & Lezak, 2010) . To interpret a score of these memory tests, the user should select the table with the midpoint age nearest the age of the assessed participant.
Following the procedure described by Pauker (1988) , overlapping standard intervals were used to maximize available data in each extract and their clinical utility. Basically, this method consists of creating relatively large, adjacent and partially overlapping intervals that place the same subject in more than one interval to obtain normative data. Based on previous analyses (Contador et al., 2016a (Contador et al., , 2016b , we estimated each normative value from a 14-year age range (i.e., ±7 years from the midpoint age) for each cell, whereas the youngest and oldest groups had ranges of 11 and 19 years, respectively. Each of these ranges encompass all ages closest to a given midpoint age. Thus, four tables of overlapping intervals with midpoints (72, 77, 82, and 89 years old) set in 5-year intervals were developed for each memory test. Each age midpoint provides normative data for that age ± 2 years, except for extreme cases (i.e., below 75 years old and subjects 85 years old or more). For instance, if we take a midpoint age of 82 years, all participants included are aged from 75 to 89 years (±7 years from the midpoint age). Consequently, the normative data of the age groups of 67-77, 70-84, 75-89, and 80-98 years were used for people ranging in age 67-74, 75-79, 80-84, and 85 or more, respectively (see tables).
Results
Characteristics of the Sample
In comparison with the subject who were excluded because they did not complete the memory tasks, the eligible sample was younger (75.16 ± 5.77 vs. 79.11 ± 6.49, p < .001), with better cognitive performance on MMSE-37 (29.82 ± 4.99 vs. 28.07 ± 6.65, p < .001) and included a lower proportion of illiterate people (9.8% vs. 15.0%, p < .001), but no significant differences emerged in sex. The distribution of demographic variables for the 2,581 participants included in this study is presented in Table 1 . In terms of sex, the women were older (standardized Z = −2.120, p = .034) and less educated than the men (χ 2 = 62.7, p < .001).
Effect of Age, Sex, and Education on Memory Scores
Total raw mean scores of memory tasks, correlations (r) and shared variances (r 2 ) with age, sex, and years of education obtained by the entire sample are presented in Table 2 .
As expected, age and education were significantly associated with both memory measures. Sex had null effect for story recall and almost negligible influence on the six-object memory recall test, accounting for <0.5% of the variance (r 2 = .003). Given these findings, normative data were stratified considering age and education.
Normative Date
The mean, median, standard deviation, and percentile rank for each test are presented in Tables 3-6 for the four age groups (67-74, 75-79, 80-84, and 85 or more years old), stratified by educational level: the age range and sample size used to create norms for each group are provided in the caption of each table.
Discussion
The objective of the present research is to provide normative values for the story and six-object recall test in a representative population-based cohort of older Spanish adults (aged 65 years and over) without dementia. Previous studies have reported reliability, construct validity, and clinical utility of these tests in different Spanish populations (Serna et al., 2015; Zunzunegui et al., 2000) , but normative data based on percentile ranks have not been published previously. Basically, we found a significant effect of age and education on story recall and six-object scores. These findings are consistent with other studies showing that older people and those with lower education have poorer performance in story recall Shi et al., 2014) . Age and education also affect the performance on the six-object memory test, but years of schooling had a minimal influence on test scores. In fact, Carnero Pardo and colleagues (2007) indicated that the recall of common objects is unaffected by the educational attainment, but this effect seems to statistically significant with a larger sample size. Finally, sex did not have any effect on story recall and had an almost negligible effect on the six-object recall, which is consistent with other normative studies based on verbal and visual episodic memory tasks (Peña-Casanova et al., 2009; Kane & Yochim, 2014) . In this survey, there are some conditions that determine the degree of validity of normative data presented herein (see Contador et al., 2016a Contador et al., , 2016b . The current data were collected from a large population-based cohort of older adults (NEDICES) who lived in three different socioeconomic areas of central Spain. Moreover, all eligible subjects from Margaritas (urban) and Arévalo (rural) underwent the initial screening, whereas a proportionate stratified random sampling method was used to select subjects for screening in Lista (urban). Besides, the household and nursing home populations of the three communities were also covered and only patients with dementia were excluded. Therefore, the inclusion of participants with chronic medical, psychiatric, or neurological conditions (e.g., Parkinson, ictus, or tremor), who were able to complete the neuropsychological assessment, provides a more accurate representation of the normative population of interest (Peña-Casanova et al., 2009) . This study presents some limitations. First, the educational level of the sample was low because many older Spanish individuals of this cohort had to leave school due to hard socioeconomic conditions (e.g., Spanish Civil War). Although the level of education has increased progressively in Spain, current figures in older adults are fairly similar to those obtained in the current older population (Tola-Arribas et al., 2012) . Second, we might consider that screening instruments (e.g., MMSE-37) are influenced by the level of education and the use of fixed cut-off points to screen for dementia could represent an inclusion bias (e.g., false positives in lower educated participants). In this regard, sensitivity values of both instruments are greater than 80-90% and all cases with positive screening for dementia were assessed by expert neurologists following a comprehensive and standardized protocol (Villanueva-Iza et al., 2003; Bermejo-Pareja et al., 2008) . Third, the influence of cultural and linguistic diversity on test scores was not analyzed, which limits the possibility of generalizing these findings to other Spanish speaking cultures. Nevertheless, comparable brief memory tasks (story and common objects recall) have been useful for detection of dementia in different populations (Shi et al., 2014; Prestia et al., 2006) . Finally, we decided to calculate composite scores (immediate and delayed) for both measures to avoid ceiling effects as much as possible. Although acquisition and storage of new information are different neurocognitive processes, both aspects are compromised in AD and MCI patients (Contador, Fernández-Calvo, Ramos, Cacho, & Rodríguez, 2009; Grönholm-Nyman, Rinne & Laine, 2010; Salmon & Bondi, 2009) .
This research describes the normative data of two episodic memory tasks (story and object recall), stratified by age and education in a large population-based sample of older Spanish adults living in rural and urban areas (NEDICES). The normative data presented here were obtained from the same cohort (NEDICES) as other cognitive tests and the same statistical analyses were applied. Accordingly, the description of cut-off points based on normative data will help to improve the accuracy of both measures for detecting cognitive impairment in older Spaniards. In particular, the proper use of these normative values will help to reduce the risk of misclassification of dementia and MCI in different settings such as primary care and population-based studies.
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